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THESIS ABSTRACT 
Donart, Gary B. 1963 . Influence of soil moisture stress on total 
available sugars of three prairie grasses at various stages of 
development . 
A study was made to determine the effects of two soil moisture 
levels, field capacity and the permanent wilting percentage, on the 
total sugar content of the foliage of blue grama (Bouteloua gracilis), 
western wheatgrass (Agropyron smithii), and big bluestem (Andropogon 
gerardi) . 
Polyethylene watering devices were constructed to aid in 
maintaining a soil moisture level approximately equal to the permanent 
wilting percentage. A fairly adequate water distribution was established. 
Chemical analyses were run by a colorimetric procedure and the 
data were then subjected to statistical analysis. 
Permanent wilting conditions had no significant effect on reducing 
sugars, but non-reducing and total sugars were significantly increased 
with decreased moisture. Stage of growth, however, produced a significant 
effect only on reducing sugars. 
The reaction of moisture on sugar composition of the grass species 
was highly significant for all sugar components. Generally, sugar content 
was higher at permanent wilting than at field capacity for all species, 
although not always significantly higher. 
The interaction of moisture on the stage of development also 
showed highly significant effects on the percentage of all sugar com-
pounds . Effects of growth stage on the sugar content of the grass 
species was highly significant for reducing and total sugars, and 
significant at the five per cent level of probability for non-
reducing sugars. Data concerning the second order interaction of 
species, growth stage, and moisture condition on sugar content are 
presented and discussed. 
Results obtai.~ed indicate reducing sugars play no significant 
role in regard to drought conditions for the grass species studied. 
A suggested trend of sugar stability at later growth stages was also 
found. 
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Environmental factors have a major influence on vegetative 
growth and the chemical constituents of the plant . Drought is one 
of the more important environmental factors influencing plant develop-
ment in the Great Plains area . 
The capacity for surviving periods of drought with little or 
no injury is termed droueht resistance . All perennial species of plants 
native to semi- arid regions are more or less drought resistant. This 
statement holds true for plants indigenous to local habitats which are 
unduly dry even in humid locations (Maxirnov, 1929). 
The term drought is not subjected to any rigid definition. In 
general, the term refers to oeriods during wh~ch the soil contains 
little or no water available to the plant . In more temperate areas 
such periods are much shorter a...~d more infrequent than in the arid 
climates. 
Drought can be produced from either atmospheric or soil condi-
tions . When the soil entirely ceases to provide the plant with water or 
else provides quantities insufficient to replace the water lost by tran-
spiration, a condition of drought is present . 
Many ecological studies concerning effects of drought on root 
growth, vegetative composition, and vegetative yields have been con-
ducted . Roots do not penetrate dry soil to any extent, and studies 
show that total amount of roots per plant are reduced under drought . 
Vegetative composition often changes and yields are shar?lY reduced. 
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Very little research has been reported on the effect of drought 
on the carbohydrate content of native grasses of the Great Plains. The 
osmotic concentration of the cell, the volume-surface ratio of the cell, 
and the relative volume of the cell occupied by the vacuole with water 
solution and the fluidity of the protoplasm, especially the superficial 
layer, all affect the physiological ability of the plant to withstand 
drought conditions. Generally, the osmotic pressure of the cell increases 
as the plant becomes wilted. The increase is thought to be due to in-
creased pentosans, oectins, and other carbohydrate food materials. Cells 
with small vacuoles or with much of the cell space occupied by foods or 
protoplasm have increased resistance to desiccation. 
Reports of changes from complex carbohydrates to simple or 
reducing sugars in plants subject to drought do not seem to be consis-
tent. Literature shows the general trend for reducing sugar content of 
the plants undergoing desiccation to be increased while other sugars are 
decreased. An increase of reducing sugars woPld increase the concentra-
tion of material present in the cell and thus increase the osmotic 
pressure and the relative volume of the cell filled with water. 
The purpose of the present study was two-fold: to determine 
the amount of change from total sugars to reducing sugars in the foliage 
of three native grasses , blue grama (Bouteloua gracilis), bi6 bluestem 
(Andropogon gerardi) , and western wheatgrass (.A.gropyron smi thii); and 
to determine a greenhouse method of maintaining a uniform soil moisture 
level at approximately the permanent wilting percentage. 
RELATED STUDIES 
Cook and Harris (1950) found site conditions and stage of growth 
were important factors affecting the nutritive content of range forage in 
northern Utah. Sites, including moisture conditions, were found to 
indirectly affect the chemical content of plants and plant parts. Environ-
mental factors and soil moisture were more important in determining the 
nutrient content of range forage plants under various site conditions than 
the chemical content of the soil. Ether extract and cellulose in the 
stems of some species were higher on the more mesic areas while in other 
species, the quantity was reduced. 
Eaton and Ergle (1948) observed large increases in starch and 
sugar concentrations in stems and roots of cotton plants under drought 
conditions. In the leaves, hexose sugars increased while starch content 
decreased. On the basis of averages for stems, leaves, and roots, the 
sugar concentration for the plant as a whole was doubled by protracted 
drought. Carbohydrate utilization by the cotton plant appeared to be 
depressed more by drought than was photosynthesis. 
In a study by Julander (1945) plant samples taken before and 
after drought revealed that protected and moderately grazed grasses 
accumulated excess food reserves when entering drought. The food reserves 
were mainly in the form of levulosans and glucosans. Watering was shown 
to reduce the carbohydrate content in the roots of buffalo grass (Buchloe 
dactyloides) and bermuda grass (Cynodon dactylon) and thus lower the 
resistance to heat injury. 
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Vassiliev and Vassiliev (1936) found monosaccharides and 
sucrose increased while the hemicellulose content decreased in wheat 
plants on the day following the beginning of wilting. With a further 
loss of water, when the leaves began to yellow, the sucrose content 
decreased and the monosaccharide and hemicellulose content increased. 
The hemicellulose content was higher than in the control plants. 
Clements (1937a) showed no marked response to drought in the 
soluble sugar level of soybean leaves. Starch content of the leaves 
was higher and a check showed the increased starch content was not due 
to lack of nitrogen. Stems showed a consistently higher content of 
all carbohydrates during drought years and roots were lower in soluble 
sugar content during drought years. 
Clements (1937b) found the sunflower (Helianthus annuus) to be 
consistently higher in soluble sugars during drought in the stems, heads, 
and leaves, while the roots showed a reverse trend. Generally, the 
Irish potato showed no marked increase in soluble sugars and was not able 
to withstand the drought periods. 
Grandfield (1943) showed a decrease in percentage of total water 
to be associated with increased concentration of sugars, which resulted in 
further binding of the free water with protoplasmic compounds. 
Roots of crested wheatgrass (Agropyron desertorum) receiving 
additional water had significantly higher average percentages of cellulose, 
sucrose, and other carbohydrates while the roots from drier areas had 
significantly more protein (Cook, et al., 1958). On unwatered plots the 
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roots contained about the same per cent of carbohydrates at all depths, 
but on watered plots the percentage increased with increased depth of 
roots. These data on effect of water upon carbohydrate content of roots 
agree with results of Smith (1950) in which the per cent of available 
carbohydrates in the roots of red clover was reduced during dry periods 
because of continued respiratory losses without compensation through 
photosynthesis. The results are in conflict with those of Julander 
(1945), Vassiliev and Vassiliev (1936), Clements (1937a, 1937b), and 
Eaton and Ergle (1948), showing different plants to react differently 
to simil ar conditionso 
Hyder and Sneva (1959) showed crested wheatgrass to have an 
early accumulation of carbohydrates (18 per cent) to a level near 27 
per cent by the time of head emergence, a moderate decrease at or just 
before flowering that was not altered by deheading, and a final recovery 
during or just following seed formation to a level approximately the 
same as was attained by head emergence. The authors thought physiol-
ogical and morphological characteristics of the grass were the basis 
for species differences in carbohydrate depletion and accumulation. 
Brown (1943) showed late autumn to be the most favorable period 
for storage of carbohydrates in the underground parts of Kentucky blue-
grass (Pea pratensis). Sugar and starch appeared to be stored in the 
roots and rhizomes. The carbohydrates were synthesized more rapidly 
than they were used during the cool period of early spring, going to 
rapidly growing roots . 
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Carbohydrate content of western wheatgrass, a cool season 
grass, started somewhat low and increased to a peak, a connnon growth 
pattern of a cool season grass (Kinsinger and Hopkins, 1961). The 
total available carbohydrates for western wheatgrass was consider-
ably higher than that of warm season grasses studied. 
Changes in growth acceleration change the sugar and starch 
content on the forage. The march of carbohydrates was found to be 
an inverse ratio to the rate of growth of the herbage (Albert, 1927s 
McCarty, 1932; 1935; 1938; Sampson and McCarty, 1930; Arny, 1932; 
Mes and Bot, 1938; Weinmann and Reinhold, 1946; Dodd, 1957; Hischke, 
1961; and Kinsinger and Hopkins, 1961). In perennial grasses carbo-
hydrates must be produced in excess of that used in the growth 
processes in order that accumulations of reserves may be stored in 
the perennial organs of the plants (McCarty, 1932). Albert (1927) 
showed the roots of alfalfa to be low in starch and high in sugars 
during the spring. In the summer, starch formed a considerable portion 
of the carbohydrate reserves. Starch reserves were less at the beginning 
of winter dormancy and soluble sugar content increased. Starch storage 
in the tops occurred only after maturation. Arny (1932) found similar 
results in a study with five perennial weeds. 
McCarty (1938) found sugars and starches were the more potent 
of the stored carbohydrates in mountain brome (Bromus carinatus). Early 
growth consumed approximately 75 per cent of the combined sugar and 
starch accumulations stored in the basal organs during the previous fall 
period . McCarty (1935) reported sucrose and reducing sugars of wild rye 
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(Elymus ambiguus) and mountain muhly (Muhlenbergia gracilis) to show 
a relatively stable curve throughout t he growth cycle. 
Sampson and McCarty (1930) showed practically complete 
accumulation of carbohydrates in California needlegrass (Stipa pulchra) 
occurred when 43 to So per cent of the total annual herbage yield was 
produced prior to the peak in the growth rate. Sucrose was relatively 
low during active growth, suggesting a minor importance of the sugar 
in the metabolism of the actively growing portion of the plant. The 
sucrose concentration was relatively stable throughout the annual growth 
cycle of the tops. Reducing sugars in the herbage were relatively high 
during active growth but were somewhat lower and relatively constant in 
the roots. 
Mes and Bot (1938) reported the sugar content of Themeda triandra 
to be relatively high at the beginning of the season. Formation of the 
inflorescence sharply decreased the sugar content and the sugar was trans-
formed to the haulms and stems . Sugar content of the leaves decreased 
after maturity probably due to a decrease in assimilatory activity of 
the leaves . 
Fall growth caused a depletion of root reserves while total 
carbohydrates were lowest in May and June in sideoats g-rama (Bouteloua 
curtipendula), big bluestem (Andropogon gerardi), and little bluestem 
(!. scoparius) (Bischke, 1961) . 
Starch and fructosans were the largest contributors to the 
reserve foods , and in most cases made up at least 70 per ~ent of the 
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total carbohydrates in blue grama and sideoats grama (Dodd, 1957). 
Weinmann and Reinhold (1946) and Weinmann (1948) found non-
reducing sugars to be more abundant than reducing sugars in South 
African grasses. Total sugars, as well as combined su6ars and starch, 
increased in the shoots of the grasses after flowering and decreased 
during maturation. Results suggest the carbohydrates were elaborated 
in the leaves in excess after flowering and translocated to the roots, 
although some of the starch and sugar remained in the aerial parts 
during winter. 
METHODOLOGY OF STUDY 
Determination and Measurement of Soil Moisture 
Variation in available soil moisture to plants is quite common 
in greenhouse and field studies. Water can have a great influence on 
many physiological functions of plants, one of which is carbohydrate 
translocation. The change in soil moisture tension of soils at field 
capacity and the permanent wilting coefficient made necessary an attempt 
to develop a special method of watering the soil to obtain uniform 
moisture distribution in containers. A watering device was constructed 
from polyethylene tubing and placed inside a 24 inch phytometer, 6 inches 
in diameter (Fig. 1). 
Thirty-six watering devices were made . Center tubes were made 
from 0.50 inch tubing, cut 30 inches in length. At three 6-inch inter-
vals, four arms, 2.5 inches long, were glued at right angles to the 
center tube leaving a 6-inch portion of the c Jter tube to stand free 
above the 24-inch phytometer. The arms were constructed from 0.25 inch 
tubing. Six small holes were drilled in the bottom side of each arm to 
facilitate distribution of water. 
A 0.25 inch threaded rod, 3 feet in length was fitted with a 
rubber stopper which fit snugly inside the center tube of the watering 
device (Fig. 1). By inserting the rod inside the center tube and 
running it just slightly below the arms of the watering device, all 
the water added to the watering device would run out the nesignated 
set of arms. Water could then be added to ari;r 6-inch portion of the 
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Fig . 1 . Watering device and plunger rod used in maintaining 
permanent wilting conditions. Black spots on the 
arms are the holes where water may leave the tube. 
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soil in the phytometers designated as the permanent wilting percent-
age treatment. 
A uniform potting soil was prepared by screening a sandy lorun 
soil through a 0.25-inch hail screen. Sandy loam soil was used in an 
attempt to obtain better water distribution. The soil was spread and 
allowed to become air-dried before filling the phytometers to reduce 
variation in water content among replications. 
Henrickson and Veihmeyer (1933) found soils of different textures 
to vary widely in their water-holding capacity, and composite samples, 
such as obtained with a soil sampling tube crossing through two or more 
layers, may not be representative of the soil-moisture conditions of the 
plot as a whole. When gravel was intermingled with the soil, the 
difficulties in evaluating the results of sampling were almost insur-
mountable. 
The 36 watering devices were placed in the phytometers and then 
buried with potting soil. Thirty-six additiou..u. phytometers were filled 
with potting soil, but without the watering devices. 
In eighteen phytometers, nine with watering devices and nine 
without watering devices, Bouyoucos gy])Sum soil-moisture blocks were 
placed at 6-, 12-, and 18-inch depths to provide ohm resistance readings 
of the soil moisture present. 
A standard ohm resistance curve was prepared from lmown 
quantities of soil moisture so the amount of water present in the 
phytometers could be determined directly from the Bouyoucos modifi-
cation of the Wheatstone Bridge resistance meter. I'hree cylinders 
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12 inches deep and 2. 5 inches wide were filled with potting soil and 
a soil moisture block buried in each. The soil was watered and allowed 
to set for 48 hours to obtain field capacity as described by Meyer and 
Anderson (1952) . A sample of the soil was taken from t he area surrounding 
the soil moisture block, weighed, dried for 24 hours and reweighed. The 
per cent moisture was recorded and related graphically to ohms resistance. 
Three 1-gallon cans were filled with potting soil and two soil 
moisture blocks buried in each . Sunflowers were planted in the cans and 
the permanent wilting percenta.ge determined (Briggs a.'1d Shantz, 1912). 
The soil sample was taken from the area surrounding the soil moisture blocks 
and the per cent moisture and ohms resistance determined in the same manner 
as above . Samples were also taken periodically from the cans when the soil 
moisture was between field capacity and the permanent wilting percentage, 
and the per cent moisture and ohms resistance related in the same manner. 
The resulting graph could then be use cl to convert ohms resistance to 
moisture content of the containers. 
Ohm resistance readings were taken before each watering of the 
phytometers to determine the amount of water present. Water in phyto-
meters designated as field capacity were maintained on 200 ohms resistance, 
or the field capacity. Water in phytometers designated as permanent 
wilting were maintained at approximately 40,000 ohms, or 10,000 ohms above 
the wilting percentage, to permit 6rowth. 
The experimental design of the project was a factorial in 
randomized blocks consisting of three replications. The phytometers 
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containing gypsum blocks were designated as the phytometers containing 
the mature stage of plant development, but the species present and 
the location within the replication was by random selection (Fig. 2). 
Eight phytometers in each replication, four at the permanent wilting 
percentage, were planted to each of the following grasses: blue grama, 
western wheatgrass, and big bluestem. I'he grasses were started from 
seed. Equal amounts of water were biven to each phytometer until the 
grass seedlings were established. Water content of the soil in the 
phytometers containing the watering devices was therefore above the 
permanent wilting percentage. Water was then withheld from the 
phytometers containing the watering devices until the roots absorbed 
enough water to dry the soil to the proper amount. 
Reduction of soil moisture was brought about mainly by the 
extraction of water from the soil by plants (Hendrickson and Veih-
meyer, 1941) . Moisture may be reduced to any desired content at or 
above the permanent wilting percentage ana, by watering at proper 
intervals, may be kept from going below the desired point. 
Water was then applied to the phytometers in measured amounts 
determined from the ohm resistance readings of the gypsum blocks con-
tained in the phytometers of the mature species of each plant. 
Originally, the experimental design was to harvest the foliage, 
including the crowns, at the vegetative, boot, flower, and mature stages 
of development. Maturation of the plants did not progress as expected 
under greenhouse conditions. The grasses grown under field capacity 
conditions were all clipped at the vegetative stage when adequate 
Fig . 2. General view of the experiment showing location 
of grass species, phytometers containing watering 
arms , and soil moisture blocks . 
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growth and development had occurred. Blue grama grown at field capacity 
was also clipped at the boot stage. Further maturation of blue grama 
ceased as did the maturation of big bluestem and western wheatgrass. 
These grasses remained thereafter in the vegetative stage of development. 
To establish a harvesting period, the grasses were then clipped 
periodically and the days from seeding to harvesting were recorded. The 
term growth stage was used to replace the phenological stages as terms for 
the harvesting. Growth stage I was designated the first clipping, pro-
gressing through growth stage IV which was to have been the mature plant. 
Growth stage I includes blue grama, 48 days old; western wheatgrass, 
68 days old; and big bluestem, 103 days old; all being grovm at field 
capacity. All three species grown at permanent wilting were 122 days 
old when clipped for growth stage I. Grasses grown at field capacity and 
included in growth stage II were blue grama, 82 days old; and big blue-
stem and western wheatgrass, 122 days old. The age of the grasses clipped 
from the permanent wilting plots at growtlJ. stage II were 129 days old., 
All grasses, both at field capacity and permanent wilting were 11~6 days 
old when clipped for growth stage III and 160 days old for growth stage 
IV. 
All samples were collected within the 2-hour period, 12:00 to 
2:00 P.M. in an attempt to reduce the daily variation of carbohydrate 
content in the plants (Curtis, 1944). 
Enzymatic action was prohibited by heating in an autoclave at 
five pounds pressure for 5 minutes and complete drying at 80° C for 
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12 hours. The sanples were stored in airtight bottles until samples 
were chemically analyzed (Loomis and Shull, 1937). 
A 12 hour photoperiod was maintained for the first three and 
one-half months of growth . After this time the photoperiod was increased 
to 14 hours a day. Long photoperiods were used to induce proper develop-
ment especially flowering. Houever, the flowering and mature state of 
these greenhouse plants were not similar to development under field 
conditions. 
Analytical Procedure for Carbohydrate Analyses 
Carbohydrates determined were total and reducing su5ars. A 
1-gram portion of each sample was placed in a Waring Blendor with 100 ml. 
of 80 per cent ethanol for a 10 minute period (Leonard, et al., 1943; 
Moyer and Holgate, 19h8; Thomas, 1949; and Kinsinger, 1957). The 
reducing and non-reducing sugars were dissolved in the alcohol-water 
solution, starch remaining in the plant residue . The contents of the 
blendor were washed into a large Buchner funnel with 80 per cent ethanol 
and filtered through Whatman No 2 filter paper. The Waring Blendor and 
residue were washed three times and the volume of the filtrate made to 
250 ml. with 80 per cent ethanol (Moyer and Holgate, 1948). 
Twenty-five ml. of the alcoholic extract were evaporated until 
the odor of alcohol had disappeared . Addition of water was necessary to 
prevent evaporation to dryness. The sugar solution was clarified by 
adding 2 ml. of barium hydroxide and 2 ml. of zinc sulfate solution 
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(Moyer and Holgate, 1948). The contents were filtered into a graduated 
cylinder and the precipitate washed with a fine spray of water until a 
filtrate of 20 ml. was obtained. 
The reducing sugars and total sugars were determined by a 
modification of Forsee 's photocolori.lnetric method (Morell, 1941). 
Two ml. of clarified sugar solution and 25 ml. of alkaline ferri-
cyanide reagent were placed in a test tube and heated for exactly 
10 minutes in a ~ently-boiling water bath, in a manner which immersed 
approximately two-thirds of the test tube. After heating, the test 
tubes were immersed in cool, running tap water for approximately 10 
minutes. After cooling the solution the per cent transmittance was 
read with a Bausch and Lomb Spectronic 20 colorimeter at a wave length 
of 420 mu. The readings were compared to a standard glucose curve and 
reported as per cent reducing sugars per gram dried f orage . 
Total su5ars were determined by inverting 5 mlo of the clarified 
sugar solution with 5 ml. of 1N hydrochloY'ic acid in a boiline: water bath 
for 10 minutes. The test tubes were then cooled in running tap water for 
10 minutes and 5 ml. of 1N sodium hydroxide added. A 2 ml. aliquot was 
placed with 25 ml. of the color solution and the a.Illount of sugar aeter-
mined as described above, the values being converted to milligrams of 
invert sugar by dividing by the factor 0.95 and the reading compared to 
the standard blucose curve (Morell, 1941). ~he difference between the 
total sugars and reducing sugars was recorded as non-reducing sugars, 
primarily sucrose. 
DISCUSSION Ol SOIL MOISTURE 
The behavior of plants at the wilting percentage is familiar 
but not very well understood. Feeding roots do not necessarily die 
during periods of prolonged drought. Moisture in the root zone of the 
soil may be reduced to a point where none is available to the plant i'or 
transpiration purposes and the plant may wilt temporarily, but in extreme 
cases the root system renains alive although Dartia~ly dormant (Breazeale, 
1930) . The roots begin to grow and function again when water is added to 
the soil by rain or irrigation . 
Breazeale (1930) found that a plant can absorb water and leave 
a greater part of the dissolved salts in the soil . The plant can also 
absorb nutrient materials from the soil and leave most 01' the water 
behind, but as far as can be learned, no actual proof has been obtained 
which would indicate a plant can a'bsorb nutrients from a soil which is 
at, or below the wilting coefficient. 
Breazeale (1930) found the ability of a 9lant to absorb water was 
not constant for all parts of the plant, the pull varying from 4 atmospheres 
at the root tip to 100 atmospheres in the above ground parts of certain 
plants . Dissolved minerals largely determine the pouer of the plant to 
absorb water from the soil . 
Breazeale (1930) noted the rapidity of the build up in dry soils 
probably depended on the distance of the dry soils from the moisture 
supply, which would indicate roots close to the base of the plant, or 
shoot roots , probably have a greater suction force than longer roots . 
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Considerable time and study was consumed in the present 
study in designing the watering devices used in attempting to main-
tain the soil at designated moisture percentages. Thought was given 
to drilling holes in the original phytometer wall and surrounding it 
with a larger phytometF>r filled with sand and obtaining water dist.,,.i.-
bution by w2t.ering the sand jacket. The idea was abandored as 
capillary action was found insufficier1t to maintain proper moisture. 
Capillary movement in most soils was found to be at least 8 inches 
(Curtis and Clark, 1950). By placing four arms at right angles to each 
other at 6-inch intervals on the center tube, capillary movement ,>1as 
possible between watering arms. The horizontal movement of water would 
need to be 6 inches at most, and with upward mo,rement of the water the 
distance would be even less. The distance from tip to tip on the vertical 
tubes was 4.5 inches. 
Bouyoucos blocks were olaced on the top side of the watering arms 
in the moisture control phytometers. The idea was to obtain a reading 
after the water had penetrated the soil to a 6-LDch depth. The idea had 
good merit but did not work successfully when two 6-inch layers were 
watered simultaneously. Capillary action from the bottom waterin~ level 
altered the reading of the block above, as it reached the block o,uicker 
and in greater quantity than the water from the upper waterin5 level. 
Wadleigh (1946) and Hendrickson and Veihmeyer (1933, 1941) present 
data showing a soil moisture percentage below the field capacity can not 
be maintained at a constant value. Soil moisture tension in most soils is 
quite low at field capacity but increases tremendously when approaching 
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the permanent wilting percentage. 
Hend~ickson and Veihmeyer (1933) have never produced a pre-
determined moisture content, between the field capacity and permanent 
wilting percentage by the application of water to soils on which plants 
are growing, whether they be in containers or in the field, because of 
limited movement of water by capillarity. Rapid use of water by plants 
limits the preconceived ~oisture content between the field capacity and 
permanent wilting percentage so no water level can be maintained long 
enough to measurably influence growth or fruiting. 
Hendrickson and Veihmeyer (1941) found water movement in 
containers takes place in the same way as when under field conditions. 
lfuen watered from the surface water penetration was not uniform and there 
was a tendency for the water to move down the sides of the container. 
Such movement was more pronounced with clay and loam soils than with sand. 
When a uniform distribution is desired for plants growing in a 
container it is necessary to add su ficivnt water to wet the entire soil 
mass to the moisture equivalent. When less than this amount is added only 
the top layer is moistened to the moisture equivalent while the soil at 
the bottom remains dry, if no cracks are present (Hendrickson and Veih-
meyer, 1941). 
In the present study, movement of water down the side of the 
phytometer presented a problem. If the soil became too dry the soil 
had a tendency to pull loose from the sides of the container and the 
watering device. When the soil pulled loose from the side of the phyto-
meter or watering device, the crevice was filled with potting soil to 
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eliminate as much of the water runoff as possible. 
Some trouble was experienced with the soil moisture blocks. 
Several of the blocks showed extremely high, presumably erroneous 
readings in the phytometers at field capacity and permanent wilting 
percentage. The trouble may have resulted from the soil pulling away 
from the block and leaving a dry pocket surrounding the moisture block. 
Weaver and Jamison (1951) found one-fourth of the nylon electrical 
resistance units failed due to electrical shorting through the fabric. 
No information was found stating trouble of this nature with the 
gypsum blocks. 
'Ihe new Bouyoucos gypsum soil moisture blocks have been found to 
be adequately sensitive to moisture changes at the drier end of the scale 
and also at the wetter end (Bouyoucos, 1961). Better placement of the 
electrodes eliminated stray currents and thus gave more stable readings. 
By prolonged moist curing and nylon resin treatment the new blocks were 
found to be as durable as the original nylon-treated blocks and are 
considered to be the most sensitive and accurate made at the time of 
publication. 
Through the course of the experiment several observations became 
evident which would improve the basic procedure of the experiment. More 
detailed study nt:;eds to be conducted in regard to the amount of water 
needed to lower the ohms resistance to the proper reading thus eliminating 
the problem of wetting the soil above 40,000 ohms. Positioning more arms 
on the center tube of the watering device would eliminate the distance 
factor which impedes capillary action a..~d thereby give better soil moisture 
distribution. The soil moisture blocks need to be spaced at different 
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intervals to reduce erroneous readings from the upward capillarity of the 
water. 
For better measurement of water distribution in all phytometers, 
soil moisture blocks should be placed in each container. However, time 
for recording ohms resistance and expense of equipment may become 
prohibitive. Fewer phytometers would have to be used as considerable 
time is needed to read each block. A dial reading Wheatstone Bridge or 
Bouyoucos modification would allow quicker and more accurate readings. 
Uniform packing of the soil tends to be a problem with the 
phytometers designated at the permanent wilting percentage. 'lhe soil 
must be placed into the phytometers with care or the arms will be 
broken from the center tube of the watering device. This does not 
allow any type of packing and in some of the phytometers the soil 
settled more than in others. A better method of attaching the arms to 
the center tube would allow more strain to be placed on the watering 
device. 
Upon removal of the plant material and soil from the 36 phyto-
meters containing the watering devices, all devices were found to be 
broken. Six watering devices had from one to two sets of arms broken 
while the rest of the watering devices had all of the arms broken from 
the center tube e,r else pushed dovm the tube approximatezy- one inch. 
The Epoxy type glue used to hold the arms in place seemed to be quite 
gummy and lost the expected adhesive power. 
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Even with the watering tubes being broken, a very good distri-
bution of water was found . The area adjacent to the watering arms , or 
where the waterj_ng arms were to have been, was slightly wetter than the 
rest of the soil column . 
Since several of t he soil moisture blocks showed erroneously 
high readings the nu..mber of controlled readings available was reduced 
and hindered the problem slightly. 
RESULTS AND DISCUSSION OF CARBOHYDRATE ANALYSES 
On completion of the chemical analysis, the data presented in 
Appendix Tables VI, VII, and VIII were subjected to statistical analysis. 
Variation in reducing, non-reducing, and total sugars was analyzed to 
determine significant differences in the source of variation. Duncan's 
multiple range test, as presented by LeClerg, et al. (1962) was then 
applied to means where significant differences occurred. 
Reducing Sugars 
Replications and moisture level showed no significant differences 
for reducing sugars (Table I). The grasses used did not react the same 
as cotton plants which showed increased hexose sugar content under drought 
(Eaton and Ergle, 1948). Reducing sugars are rapidly used or translocated 
in the growing plant and the content fluctuates rapidly in short periods 
of time. Reducing sugars possibly are unaffected by varying water content. 
As would be expected the three speci s of grass used in the 
experiment contained different quantities of reducing sugar (Table I). 
Duncan's multiple range test showed blue grama, a warm-season, short 
grass to have a mean value of 1.43 per cent reducing sugar, which was 
significantly higher than the mean values of western wheatgrass, a 
cool-season mid grass, and big bluestem, a warm-season tall grass. No 
difference was found between western wheatgrass and big bluestem which 
had mean values of lo23 and 1.21 per cent respectively. 
Growth stage of the grasses also showed a highly sjgnificant 
effect on reducing sugars (Table I). Growth stage II with a mean value 
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TABLE I. Analysis of variance reducing sugars, non-reducing 
sugars, and total sugars of four growth stages of 
three species of grass grown at two soil moisture 
levels in three replications from dat a presented 
in Appendix Tables VI, VII, and VIII. 
Mean Squares 
Source of Degrees of Reducing Non-reducing Total 
variation freedom sugars sugars sugars 
Replications 2 0.070 2.660¾- 30535* 
Species 2 0.36~~ 8.440,~ 7. 35(}):-r.-
Moisture 1 0.160 15. 050-:PA- 18. 250-:t-¾-
Growth stage 3 0 .333• <"¾- o.563 o.667 
Moisture x 2 0. 735",Hl- 8.215H 13.1,S·lH~ 
species 
Species x 6 o • .598-¾-¾- 1.990¾- 3 .8551H:-
growth stage 
Moisture x 3 1.03(}):-r.- 6.303-)H(- 11. 60 3-)Hl-
growth stage 
Species x moisture 6 0.253?'-r.- 1.938?'- 3.597•H~ 
x growth stage 
Error 47 0.0506 o. 723 0.795 
•!-Indicates si6nificance at the 5 per cent level of probability. 
-r,.,.. Indicates sii:,nificance at the 1 per cent level of probability. 
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of 1.42 per cent was significantly higher than the other stages . No 
significant difference occurred between growth stages I and III, having 
mean values of 1.34 and 1.30 per cent respectively. Reducing sugars at 
growth stages I and III were both higher than growth stage IV which had 
a mean percentage of 1.10. A general trend of low reducing sugar content 
rising to a high content and then decreasing with increased growth was 
established. 
The interaction of species and moisture on the reducing sugar 
percenta1:,e was found to be highly significant (Table I). Blue grama at 
permanent wilting soil moisture had a significantly higher reducing 
sugar content than when grown at field capacity (Table II). Reducing 
sugars in western wheatgrass and big bluestem showed no sisnificant 
difference between moisture levels. Big bluestem had a higher reducing 
sugar content at field capacity than blue grama and western wheatgrass . 
The latter two species were not significantly different. The low water 
content at permanent wilting produced no significant differences among 
the three species. Rapid movement of reducing su~ars in the growing 
plant might partially explain the trend of reducing sugar content. 
Reducing sugar content at the variou:::; growth stages differed 
among species and accounted for the interaction between species and 
growth stage (Tr.1ble I). Duncan's multiple range test shows where the 
significant differences occur (Table III). Big bluestem had a si~nifi-
cantly hicher reducing sugar percentage at growth stage II than at ally 
other stage of development. Reducing sugar content of big bluestem of 
growth stages I, III, and IV was not cifferent statistically. The mean 
27 
TABLE II . Comparison of mean per cents of reducing sugars , non-
reducing sugar, and total sugar of three species of 
grass at two soil moisture levels by Duncan's multiple 
range test .* 
Reducing sugar 
Big Blue Western 
Moisture level bluestem grama wheatgrass 
Field capacity 1.,,a 0 . 98 C l.2lbc 
Permanent wilting 1.31 
ab l.~4ab b 1.26 
Non- reducing sugar 
field capacity 4. 03 
b 
3 . 08 C 5.18a 





Field capacity 5 . 57b 4 . 06c 6.39ab 
S. 7lab a 6. 55ab Permanent wilting 6. 78 
*Different superscripts 1'i thin each comparison indicate significant 
differences at the one Pr cent probability level . 
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TABIE III . Comparison of mean per cents of reducing sugars, 
non- reducing sugar , and total sugar of three 
species of grass at four growth stages by Duncan's 










































































4 . 84cd 
5.56bcd 
6.52ab 
*Different superscripts within each comparison indicate significant 
differences at the one per cent probability level for reducing and total 
sugar and at the five per cent probability level for non-reducing sugar . 
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value of growth stage I of blue grama was significantly higher than 
that of growth stages II and IV. No significant differences were 
found among mean values of the growth stages of western wheatgrass, 
indicating that age of this cool- season plant had no influence on 
the reducing sugar content . 
Blue grama had 1.60 per cent reducing sugar at growth stage I 
which was significantly greater than the 1.13 per cent of big bluestem, 
but was not significantly different from western wheatgrass with 1. 30 
per cent (Table III). No significant difference occurred between big 
bluestem and western wheatgrass . Big bluestem had significantly more 
reducing sugar at growth stage II than blue grama and western wheat-
grass which were similar in reducing sugar content . Reducing sugars 
at growth stages III and IV showed no sie;nificant difference among 
species . Results indicate that as all species approaches maturity and 
rapid ~rowth diminishe~ the reducing su6ar content remains more uniform. 
Moisture alone had no effect on the reducing sugar content of 
the grasses; but moisture reacted with the sta0 e of development to pro-
duce a highly significant interaction (Table I) . Reducing sugars were 
significantly higher at the low moisture level at growth stage I (Table 
IV) . Growth stage II presented a reversal of trend and plants grovn1 in 
soil at field capacity contained 1.64 per cent which was a significantly 
higher reducing sugar content than plants grmm at the permanent wilting 
percentage which contained 1.19 per cent . No significant differences of 
















TABLE IV. Comparison of mean per cents of reducing sugar, non-
reducing sugar, and total sugar at four different 
growth stages and two soil moisture levels by Duncan's 


































*Different superscripts within each comparison indicate sie:;nifieant 
differences at the one per cent probability level. 
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growth stages III and IV, suggesting again the uniformity of reducing 
sugars with maturity. Also some carbohydrate constituent was possibly 
converted to reducing sugars to supply the reducing sugars used in the 
building of tissues during the time of rapid growth. The main reducing 
sugar in the plant Probably is glucose which is readily converted to 
various compounds bv physiological processes within the plant. 
At field capacity, 1.64 per cent reducing sugar was present in 
growth stage II which was significantly more than growth stages I, II, 
and IV which contained 0.99, 1.23, and 1.10 per cent, respectively. No 
differences occurred among the latter three (Table IV). 
At permanent wilting, reducinb sugar content of ~Towth sta~e I 
was significantly higher than other growth stages except III. Growth 
stages II, III, and IV contained 1.19, 1.38, and 1.09 per cent reducing 
sugar, respectively. These values were not statistically significant. 
Analysis of the second order interaction indicated that the 
reducing sugar content was not the same for all growth stages of the 
three species at both moisture levels. The highly significant differ-
ence found (Table I) was further analyzed by Duncan's multiple range test 
(Table V) to determine where si;nificant differences occurred. 
Data indicate that the early growth stage of big bluestem has 
more reducing sugars when grown at low moisture content than at field 
capacity (Table V). As the plant developed, no difference in su5ar 
content was observed with varying soil moisture. Sugar content of 
western wheatgrass did not vary significantly between moisture levels 
TABLE V. Comparison of mean per cents of reducing sugar, 
non-reducing sugar, and total sugar of three 
species of grass at four stages of development 
and two soil moisture levels by Duncan ' s 
multiple range test.* 
tleducing Sugar 
Species Growth Growth Growth Growth 
Stage I Stage II Stage III Stage IV 
BIG BLUESTEM 




tcde b 0.99cde Permanent 1.43 1.2 1.55 
wilting 
BLUE ORAMA bcde e bcde bcde Field 1.03 0.75 1.01 1.11 
capacity 
Permanent 2.16a 1.08 




l.llbcde 1.54b cde bcde Field 1.26 0.92 
capacity 
l.49bc l. 20bcde 
bcde bcde 
Permanent 1.18 1.15 
wilting 
Non-reducing Sugar 












(Continued on next page) 
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TABLE V. (Continued) 
Non-reducing sugar 
Growth Growth Growth Growth 
Species Stage I Stage II Stage III Stage IV 
BLUE GRAMA 
Field hi i 


























cdefg bed 4.80defg wilting .12 6.10 
BLUE GRAMA 
Field 
J.46fg 2 o99g 4.8odefg S.OJcdefg capacity 
Permanent 













• 76bcde 7.18abc 6.6lcd wilting 
*Different superscripts within each comparison indicate significant 
differences at the one per cent probability level for reducing and 
total sugars and at the one per cent probability level for non-
reducing sugar. 
at any stage of growth. Growth stage I of blue grama growing at 
permanent wilting contained 2.16 per cent reducing sugar which was 
significantly higher than all other stages at both moisture levels 
for this species. No difference occurred in reducing sugar content 
among the four growth stages of blue grama grown at field capacity. 
Non-reducing Sugars 
34 
Per cent on non-reducing sugar was found to be sibnificantly 
different among replications (Table I). Variations of light and 
temperature within the greenhouse were probably the main reasons for 
the differences among replications. Per cent non- reducing sugars for 
the three replications were 4.22, 4.56, and 4.88, respectively, sug-
gesting conditions for non-reducing sugar production was progressively 
better from replication I through III. The per cent of non-reducing 
sugar was significantly higher in replication III than in replication I. 
Non-reducing sugars of replication II were not different from replica-
tion III or I. 
Percentage of non-reducing sugars in the three species showed a 
highly significant difference (Table I). Duncan's multiple range test 
indicated that western wheatgrass with 5.24 per cent was higher than big 
bluestem and blue grama each having 4.21 per cent. 
Although moisture had no significant effect on reducing suBar, 
the non-reducing sugar content varied significantly with moisture. 
Average percentage of non-reducing sugar of the grasses grown at per-
manent wilting was 5.01 compared to 4.10 per cent when grown at field 
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capacity. 
Non-reducing sugar content was not different at the various 
stages of growth (Table I) suggesting a relatively stable content in 
the growing plant. Sucrose, a main constituent of the non-reducing 
sugars , would, therefore, be the priTila.I'"IJ sugar remaining constant 
throughout growth. 
Non-reducing sugars of the species were effected si5nificantly 
by moisture (Table I). Western wheatgrass had a hi~her non-reducing 
sugar content than blue grama and big bluestem at field capacity (Table 
II). The mean percentage of non-reducing sugar of big bluestem was 
significantly higher than that of blue grama . Cook, et al. (1958) 
found that additional water significantly increased the sucrose content 
in the roots of crested wheatgrass . Results presented in this study how-
ever, show that the non-reducing sugars are highest where soil moisture is 
least, but the only significant difference between soil moisture levels was 
with blue grama. 
At permanent wilting all species of grass contained a statistically 
similar percentage of non-reducing sugars. 
Non-reducing sugars were found to be more abundant than reducin 0 
sugars of South African grasses (Weinmann and Reinhold, 1946; and 
\veinmann, 1948). Similar results were obtained in the present study 
(Table III). ~ampson and McCarty (1930) found sucrose to be relatively 
stable during growth of California needlegrass. Table III shows no 
significant difference occurring in mean percentages of non-reducing 
sugars among the fo~r growth stages for each species, thus agreeing 
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with the results of Sampson and McCarty. 
Western wheaterass was significantly higher than blue grama and 
big bluestem in non-reducing sugars at growth stage III. Fo significant 
difference was observed between blue grama and big bluestem at ~rowth 
stage III. At growth stage IV western wheatgrass had significantly more 
non-reducing su ar than big bluestem. Blue grama was not significantly 
different from big bluestem in non-reducing sugars at growth stage IV. 
The failure of non-reducin5 sugars to be the same at each growth 
stage in moist or dry soil provided a highl y si~nificant interaction 
between moisture and growth sta e (Table I). Duncan's mu~tiple range 
test (Table IV) shows a further analysis of the interaction. Growth 
stage I had a significantly higher mean percenta6e value at permanent 
wilting than at field capacity. No si5nificant differences in non-re-
ducing sugar content occurred among the three remaining growth stages 
or at the two watering levels. 
At field capacity, browth sta.,e III with 4.69 per cent sugar was 
significantly higher in non-reducin1::, sugar than growth stage I with 3.17 
per cent. No difference occurred among growth stages II, III, and IV at 
field caoacity; and growth stage II was not significantly different from 
growth stage I. 
The effect of permanent ~Tilting on the non-reducing sugar composi-
tion was somewhat different. Growth stage I (S.86 per cent) was signifi-
cantly higher than growth stage II (4.52 per cent). No significant 
difference was observed among growth stages I, III, and IV, or among 
growth stages II , III, and IV. 
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The second order interaction of grass species , moisture , and 
growth staGe was significant (Tabl e I) . The mean percentage of non-
reducing sugar was significantly higher at growth stage I of permanent 
wilting of big bluestem and blue grarna than at field capacity. Non-
reducing sugarG were found to be significantly higher at perrnar:ent 
wilting for growth stages I and II for blue grarna but no si6nificant 
differences were observed in growth stages III and JV. 
No difference in non- reducing sugai~ was found at any sta6 e of 
development in western wheat;rass at either moisture level . At field 
capacity and pernanent wilting, the non-reducing sugars of western 
wheatgrass were statistically the same for all growth sta0 es . 
Stability of composition witt increased age o: plants is again 
noted in the fact that no difference in non-reducing su~ars was found 
for growth stages III and IV for any species . 
'T'otal Sugars 
Total sugars compri~8 all su5R.I's extracted by alcohol and 
hydrolyzed with hydrochloric acid. Discussion of the following data 
will be or: the sum of the :per cen+,s of reducing and non-reducinb sugars . 
Per cent of total sugar was found to be significantly different 
among replications (Table I) . As stated previously, light and temperature 
variations within the greenhouse were probably the main reasons for 
significant differences among replications . Mean values for the three 
repl ications were 5045 , , . ~? , and 6Q22 respectively, suggesting conditions 
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for total sugar production was progTessively better from replication 
I through replication III. The mean sugar content of replication III 
was found to be significantly higher than replication I. Sugar content 
of replication II was not different from replication I or III. 
Total sugar content varied si5nificantly among species (Table I). 
The mean per cent total su 0 ar of western wheatgrass was significantly 
higher than that of big bluestem and blue grama . The letter two species 
were significantly different in total sugar content. Mean _percentages 
of total sugars for western wheatgrass, big bluestem, and blue grama 
were 6.47, 5.64, a.Jld 5.42, respectively. 
Results from the present study agree with those of Kinsinger 
and Hopkins (1961), who found that the total available carbohydrate of 
western wheatgrass was considerably hi.3her than that of warm season 
gTasses. 
Total su6ars were si 0 nificantly hi5her when grown at permanent 
wilting than at field capacity (Table I). Mean values were 6.34 and 5 .34 
per cent for permanent wilting and field capacity, respectively, Sun-
flowers have been shown to be consistently higher in soluble sugars in 
the aerial portions during drought (Clements, 1937b). 
Total sugar content among growth stages was not different (Table 
I), suggesting that some portion other than the alcohol-soluble carbo-
hydrates were used in carbohydrate conversion and growth. Indications 
are that non-reducing sugars maintain a fairly uniform content through-
out growth. However, significant variations of reducing sugars during 
different growth stages were found. Tje latter undoubtedly vary from 
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hour to hour depending upon light, temperature, and moisture varia-
tions. Non-reducing sugars do not show such a trend. Therefore, 
soMe polysaccharide, perhaps starch, may be readily converted to 
maintain a stable content of non-reducing sugars. Starch is lmown 
to be a large contributor to reserve foods, and although not analyzed 
in this study, perhaps it constitutes a large portion of the needed 
reserve. 
The interaction of moisture and species on total sugars was 
highly significant (Table I). Total sugars of western wheatgrass with 
S.39 per cent and big bluestem with 5.S7 per cent showed no significant 
difference, but both were significantly hiGher than blue grama which 
had 4.06 per cent (Table II). No significant difference in total su5 ars 
occurred among species when grown at permanent wilting. 
Total sugar content was higher at permanent wilting than at 
field capacity for all species. However, only blue grama had a 
significantly higher mean sugar value at permanent wilting than at 
field capacity. Total sugars and non-reducing sugars show a similar 
pattern for the interaction of moisture on grass species. 
Total sugars of the grass species were significantly different 
among growth stages (Table I). Growth stage II was hi t her in su6ar 
content than growth stage IV for big bluestem (Table III). Growth 
stages I, II, and III were statistically similar, with 5.24, 6.54, and 
5.95 per cent, respectively. Growth stages I, II, and IV also were 
not different in sugar content. Sugar percentages were significantly 
higher in growth stage I than in growth stage II for blue grams. No 
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significant difference was noted among growth stages I , III , and IV; 
or among growth stages II , III , and IV. Stage of growth exerted no 
s ignificant difference on the sugar content of western wheatgrass . 
No significant differences in sugar content were observed 
among species at growth stage I . Growth stage II showed that big blue-
stem with 6.S4 per cent total sugar was significantly higher than blue 
grama with 6.19 per cent . In growth stage III , total sugars of western 
wheatgrass were greater than those of blue grama, and in growth stage 
I V, big bluestem had significantly less sugar than western wheatgrass . 
Total sugars were significantly hi5her in western wheatgrass than in 
big bluestem at growth stage IV. 
A comparison of mean per cents of total sugar at four different 
growth stages and two different soil moistures is presented (Table IV) . 
The interaction was highly significant (Table I) . Total sugars in 
pl ants at growth stage I growing at permanent wilting were significantly 
higher than when grown at field capacity. Per cent total sugar was 
7.SS at permanent wilting and 4.17 at field capacity. Total sugar 
content did not vary between the two watering treatments for growth 
stages II, III, and IV. The sugar content of growth stage I of plants 
at field capacity was significantly lower than for the remaining growth 
stages . 
Under coI1ditions of permanent wilting growth stage I had a 
higher sugar content (7 .55 per cent) than growth stages II and IV with 
S.71 per cent and S.86 per cent . Growth stage III was 8tatistically 
simil ar t o growth stage I , and also showed no statistical difference 
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from growth stage II and IV. 
Growth stage I showed a significant difference between moisture 
levels for reducing, non-reducing, and total sugars. The grasses were 
started from seed; hence, no root reserves were present to supply the 
foliage. Increased photosynthesis would then be necessary to produce 
the large sugar increases. Water is not generally a limiting factor for 
photosynthesis (Meyer and Anderson, 1952) so increased photosynthesis 
could occur at permanent wilting. 
Species, moisture, and growth stage present a second order inter-
action with a highly significant effect on the total sugar content (Table 
I). Table Vis the comparison of the mean per cents of total sugar by 
Duncan's multiple range test. Blue grarna and big bluestem both show 
significantly higher sugar contents for permanent wilting than for field 
capacity at growth stages I and II. No signif icant difference in sugar 
content was found between permanent wilting and field capacity for growth 
stages III and IV of big bluestem md blue grarna. Western wheate;rass had 
a statistically similar sugar percentage for field capacity and permanent 
wilting at all growth stages. 
Stage of growth showed no significant effect on total suLars of 
western wheatgrass when grown at field capacity or at permanent wilting. 
Blue grama was not significantly different in sugar content among stages 
of development for field capacity. Plants grown at permanent wilting, 
however, had a higher sugar content at growth stage I than for the rest 
of the growth stages. 
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Sugar content of big bluestem at growth stage II was significantly 
higher than growth stages I and IV under field capacity soil conditions. 
Growth stages I, III, and IV were similar in sugar content. vfuen big 
bluestem was grown in soil at the permanent wilting percentage no signi-
ficant difference in sugar content was observed among the growth stages. 
SUMMARY AND CO\JCLUSIONS 
A greenhouse and laboratory study was conducted in an attempt 
to determine the effects of two soil moisture levels, field capacity 
and the permanent wilting percentage , on the total su6ar conte t of 
the foliage of three species of grass at four sta es of d velopment . 
Polyethylene watering devices were constructed to aid in main-
taining a soil moisture level approximately eql·al to the permanent wiltin 
percentage . The general thouc:ht presented in the literature was that oil 
moisture in contaiuers could not be maint2ined below the field cDpacity . 
A fairly adequate distribution of water was ~'"'tablished by use 
of the watering devices . 
Reducing subars , non- reducir 6 SUt:,ars, and total su ,ar..:; uere 
determined by a color:i..u1etric procedure . All data were then su bjec t.L!d 
to statietical analysis , usin.g accepted method::, of analysis of vari-
ance . 
Reduction of water had no si6nificant effect on reducinb sugars . 
Non-reducing and total sugars were significantly increased with de-
creased moisture . 
Stage of e;rowth produced a f:jgnlficant effect only 011 reducillg 
sugaru , suggesting the possibility of the reducing su,ars beini5 in a 
state of transi~ion . 
The reaction of moisture on su6ar composition of the 1:;rass 
species was highly significant for all s11gar components . Generally, 
sugar car.tent was higher a.t permanent wilting than a.t field capacity 
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for all species but not always significantly higher . For instance all 
sugar components were similar in big bluestem and western wheatgrass 
whether grown at field capacity or permanent wilting . Sugar content of 
blue grama, however , was si6nificantly increased by withholding moisture. 
The importance of this fact to drought tolerance of the species is 
evident. 
The interaction of moisture on the stage of growth also showed 
highly sienificant effects on the percentage of all sugar compounds. 
In growth stage I, sugar content at permanent wilting was significantly 
greater than content at field capacity. However, during later stages 
of development, differences in moisture rarely influenced sugar content. 
The effect of growth stage on the su6 ar content of the grass 
species was highly sie;mficant for reducir.6 and total suga.rs and signi-
ficant at the five per cent level of probability for non- reducing sugars. 
Blue grama contained si6nificantly lower reducing sugar and total sugar 
at growth stage II than at stage I. Big bluestem, on the other hand, had 
more reducing sugar at growth stage II than I. Data concerning the inter-
action of species , growth stage, and moisture condition an sugar cont ent 
are presented and discussed. 
The osmotic pressure of plant tissues has been shown ta increase 
during periods of drought . One possibility is that the increased osmotic 
pressure was due ·ta increased monasaccharide content. Results from the 
present study do not include osmotic pressures, but if increased osmotic 
pressure should occur, this study shows the resulting increase of material 
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in the cell sap must be a result of non-reducing and total sugars and 
not monosaccharides. 
Starch and other polysaccharides were not determined. Possibilities 
of significant changes in starch content cannot be overlooked since the 
literature indicates such a change to exist. 
Considerable study and research still needs to be done on effects 
of drought on the physiolobical functions of the plant. Undoubtedly, 
environmental factors such as dry, hot winds, low relative humidity, 
soil temperature, light quality and intensity would have different 
effects on the sugar content of the foliage. 
The gTasses studied were first year seedlings and contained no 
starch reserves in the roots, which could have a very definite effect 
on the type and quantity of sugar components present in the foliage. 
A suggested trend of sugar stability at later growth stages 
was found. Generally no difference was found in the su6ar content of 
growth stages III and IV. Occasior1.lly growth stage II showed a signi-
ficant difference from growth stage III. 
Although not always significant, the sugar content was usually 
higher when grown at permanent wilting than when grmm at field capacity. 
Growth stage II of big bluestem and western wheatgrass, for all sugar 
components, were exceptions showing a higher sugar content at field 
capacity. Growth stage IV for total and reducing sugars of big blue-
stem showed the same trend. Where the field capacity conditions pro-
duced a higher sugar content, it was not statistically significant. 
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When grown under the same conditj_ons the three grasses used 
in the experiment reacted differently. For one growth stage blue grama 
might produce the largest sugar content and for another stage, western 
wheatgrass or big bluestem would contain the largest amount. 
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TABIE VI. Per cent reducing sugar per gram of foliage at four 
growth stages in three grass species at two moisture 
levels in a factorial design replicated three times. 
Replication I 
Species Growth Growth Growth Growth 
Stage I Stage II Stage III Stage IV 
BIG BLUESTEM 
Field capacity 0.50 2.69 1.18 1.55 
Permanent wilting 1.38 1.25 1.55 1.15 
BLUE GRAMA 
Field capacity 1.00 0.60 1.15 1.18 
Permanent wilting 1.83 o.86 1.18 o.65 
WESTERN WHEATGRASS 
Field capacity 1.00 1.55 1.30 0.95 
Permanent wilting 1.45 1.25 1.18 1.15 
Replication II 
BIG BLUESTEM 
Field capacity 1.10 2.43 1.45 1.15 
Permanent wilting 1.53 1.25 1.55 o.65 
BLUE GR.AMA 
Field capacity 1.00 0.90 1.25 1.20 
Permanent wilting 1.86 1.20 1.86 1.53 
WESTERN WHEATGRASS 
Field capacity 1.18 L53 1.15 o.6.5 
Permanent wilting 1.53 1.18 1.18 1.15 
(Continued on next page) 
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TABLE VI (Continued) 
Replication III 
Growth Growth Growth Growth 
Species Stage I Stage II Stage III Stai::;e IV 
BIG BLUESTEM 
Field capacity 0.90 2.80 1.63 1.20 
Permanent wilting 1.38 1.35 1.55 1.18 
BLUE GRAMA 
Field capacity 1.10 0.75 o.65 0.95 
Permanent wilting 2.80 1.16' 1.15 1.18 
WES TERN ~mEATGRASS 
Field capacity 1.15 1.53 1.35 1.15 
Permanent wilting 1.50 1.18 1.18 1.15' 
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TABLE VII . Per cent non- reducing sugar per gram of foliage 
at four bTowth stabes in three grass species at 
two moisture levels in a factorial design 
replicated three times . 
Replication I 
Growth Growth Gr)wth Growth 
Species Sta.:;e I Sta_;e II Star e III Stage IV 
BJG BLCES IBM 
field capaci t:T 2. 92 5. 68 3. 64 3.34 
Permanent wilting 4. 62 3.57 3. 96 2. 56 
BLUE GRAlrA 
.rield capacity 2.42 2.,5 3.59 3. 64 
Permanent wilting 5.43 5. 20 3. 71 4.17 
wESTJ.ill.N \<,TEATGRASS 
Field capacity 3.41 s . 16 7.5h 3. 94 
Permanent wilting 4.ss 3. 79 7 . J.2 4.17 
Replication II 
BIG BLUES l'EM 
Field capacity 3.01 5. 15 4.43 3.67 
Permanent. wilting Lr.64 3. 79 4.4S li .17 
BLUE GRAMA 
Field capacity 2.48 1. 77 4.36 3.69 
Permanent wilting 8.40 5. 60 5. 06 4.35 
WESTT<..:RIJ WHEATGRASS 
Field capacity 4.70 5. 27 5. 77 5.23 
Permanent wilting 4. 64 4. 27 5.74 4.73 
(Continued on next pa'-'e) 
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TABLE VII . (Continued) 
Replication III 
Growth Growth Growth Growth 
Species Stage I Stage II Stage III Stage IV 
BIG BLUES TEM 
Fi eld capacity 2. 58 .5 . 11 5.08 Jo69 
Permanent wilting 6.91 4.16 5. 25 4. 70 
BLUE GRAMA 
Field capacity 2. 88 2.40 3.30 4.Li2 
Permanent wilting 7.46 4. 70 3.59 6.38 
WESTERN WHEATGRASS 
Field capacity 4.67 4. 79 4.53 7 .15 
Permanent wilting 6.06 5. 62 5 .14 7 .15 
TABLE VIII. Per cent total sugar per gram of foliage at four 
growth stages in three grass species at two 
moisture levels in a factorial design replicated 
three times. 
Replication I 
Growth Growth Growth Growth 
Species Stage I Stage II Stage III Stage IV 
BIG BLUESTEM 
Field capacity 3.42 8.37 4.82 4.89 
Permanent wilting 6.oo 4.82 5.51 3.71 
BLUE GRAMA 
Field capacity J.42 3.15 4.74 4.82 
Permanent wilting 7.26 6 .. 06 4.89 4.82 
WESTF_B.N WHEATGRASS 
Field capacity 4.~l 6.7l 8.84 4.89 
Permanent wilting 6.oo 5.04 8.30 5.~8 
Replication II 
BIG BLUESTEM 
Field capacity 4.11 7.58 5 . 88 4 . 82 
Permanent wilting 6.17 5.04 6.oo 4.82 
BLUE GRANA 
Field capacity 3.48 2.67 5.61 4.89 
Permanent wilting 10.26 6.80 6.92 5.88 
WES TERN \•mEATGRASS 
Field capacity 5.88 6 . 80 6.92 5.88 
Permanent wilting 6.17 5.45 6.92 5.88 
(Continued on next page) 
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TABLE VIII. (Continued) 
Replication III 
Growth Growth Growth Growth 
Species Stage I Stage II Stage III Stage IV 
BIG BLUESTEM 
Field capacity 3.48 7.91 6.71 4.89 
Permanent wilting 8.29 5.51 6.80 5.88 
BLCE GRAM.A 
Field capacity 3.48 3.15 3.95 5.37 
Permanent wilting 10.26 5.88 4.74 7.56 
\JESTERN WHEATGRASS 
Field capacity 5.82 6.32 5.88 8.30 
Permanent wilting 7.56 6.80 6.32 8.30 
